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ABSTRACT 

The  Acoustically  Tracked  Ocean^Mooring  (ATOM)  study  spanned  ttifr/jjeriod  . 
iO  Deceniber  1979  -Hr7  January  4^80T  Time  series  of  currents,  temperatures 
and  mooring  parameters  as  well  as  profiles  of  temperature,  conductivity  and 
current  were  obtained.  This  report  presents  these  data  and  derived  statistics 
as  a  graphical  summary. 
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1.0  INTRODUCTION 


This  report  contains  a  graphical  data  summary  of  the  physical  oceanographic  and 
meteorological  data  collected  during  the  Acoustically  Tracked  Oceanographic  Mooring 
(ATOM)  experiments  that  spanned  the  period  15  December  1979  through  17  January  1980. 
The  following  paragraphs  summarize  the  results  presented  in  the  extensive  report. 

1.1  OBJECTIVES 


There  are  five  major  objectives  to  the  present  study,  three  of  which  are 
primarily  scientific  in  nature  and  two  of  which  are  mainly  technical.  These  are: 

Scientific 


a)  to  determine  the  degree  to  which  high  frequency  variability  in  the  upper 
range  of  the  internal  gravity  wave  frequency  spectrum  is  strongly 
dependent  on  the  proximity  of  the  peak  in  the  buoyancy  profile  and  on  the 
effect  of  modulation  by  low  frequency  processes; 

b)  to  determine  the  degree  to  which  low  frequency  processes  are  determined  by 
local  surface  meteorology; 

c)  to  measure  the  vertical  coherence  of  the  high  frequency  current  and 
temperture  fields; 

Technical 


d)  to  investigate  the  contamination  of  the  current  and  temperature  data 
induced  by  mooring  motion;  and 

e)  to  determine  whether  it  is  possible  to  remove  a  significant  amount  of  the 
mooring  motion  contamination. 

1.2  DATA  REQUIREMENTS 

In  order  to  meet  the  objectives,  current  and  temperature  data  were  required  at 
a  rapid  sampling  rate  (about  1  sample/minute)  in  the  upper  ocean  (100  m  -  500  m) 
over  a  period  of  about  one  month.  At  the  times  of  deployment  and  recovery,  profiles 
of  temperature  and  salinity  as  functions  of  depth  were  required  to  assess  the  local 
buoyancy  profile  and  to  provide  information  of  the  vertical  wavenumber  structure  of 
these  quantities.  Current  profiles  (taken  with  expendable  probes)  were  required  to 
obtain  detailed  information  on  the  vertical  wavenumber  structure  of  the  current 
field  on  scales  smaller  than  the  current  meter  separation.  XBT  and  AXBT  surveys 
were  required  to  assess  the  mesoscale  features  of  the  oceanic  circulation.  Meteor¬ 
ological  data  and  wave  data  from  nearby  data  buoys  were  required  to  determine  the 
degree  to  which  the  local  meteorology  affects  the  low  frequency  processes.  In  order 
to  measure  the  mooring  motion,  acoustic  tracking  devices,  force-vector  recorders  and 
temperature-pressure  recorders  were  required. 

1.3  DATA  DESCRIPTION 

In  this  section,  the  observed  data  will  be  summarized,  beginning  with  the  large 
scale  ocean  features  which  provided  the  background  environment  for  this  study.  This 
will  be  followed  by  a  short  description  of  the  meteorology,  the  fine  scale  struc¬ 
tures  observed  at  the  beginning  and  end  of  the  experiment,  the  observed  currents  arJ 
temperatures.  The  mooring  motion  will  be  discussed  last. 


1.4  LARGE  SCALE  FEATURES 


The  dominating  oceanic  feature  of  the  Gulf  of  Mexico  is  the  Loop  Current  and 
its  associated  eddies.  An  airborne  XBT  survey  conducted  as  the  ship  was  enroute  to 
the  deployment  site  (Dec.  15,  1979)  indicated  the  presence  of  strong  horizontal 
temperature  gradients  in  the  operating  area.  Depth  contours  of  the  isotherms 
indicated  the  existence  of  a  strong  baroclinic  current  toward  the  northwest.  From 
the  limited  survey,  there  are  not  enough  data  to  determine  whether  this  region  of 
strong  currents  was  a  direct  part  of  the  Loop  Current  or  a  recently  separated  eddy. 
Rough  calculations  made  shortly  after  the  survey  indicated  that  the  vertical 
geostrophic  shear  was  on  the  order  of  20  cm/s/100  m.  Comparison  of  LORAN-C  naviga¬ 
tional  data  with  dead  reckoning  positions  indicated  the  presence  of  surface  currents 
of  1  to  4  knots  (0.5  to  2  m/s)  during  the  recovery  and  deployment  cruises.  Subsur¬ 
face  measurements  of  the  currents  at  depths  between  300  and  700  m  over  the  time 
period  of  the  mooring  indicated  current  speeds  between  20  and  70  cm/s. 

1.5  METEOROLOGY 

Meteorological  data  from  two  NOAA/NDBO  buoys,  numbers  42001  and  42002,  were 
obtained  from  the  NOAA  Data  Buoy  Office,  NSTL  Station,  and  the  daily  weather  maps 
for  the  period  of  the  experiment  were  obtained  from  the  National  Weather  Service, 
NOAA.  Data  buoy  42002  operated  correctly  during  the  entire  period.  The  nearer  data 
buoy,  42001,  lost  wind  speed  and  direction  as  well  as  barometric  pressure  informa¬ 
tion  from  2  January  1980  -  15  January  1980.  Wave  height  and  period  information  were 
lost  for  the  period  5  January  1980  -  8  January  1980.  Air  and  water  temperature 
information  were  lost  between  4  January  1980  and  13  January  1980. 

From  the  data  obtained  by  buoy  42002,  there  were  four  major  events  (defined  as 
winds  over  10  m/s  and  waves  over  2  m).  These  occurred  on  December  17-18,  23-25, 
January  4,  and  January  13.  For  the  data  available  from  42001,  the  major  events 
tended  to  lag  those  at  42002  by  about  6-8  hours.  Events  occurred  on  December  17- 
18,  24-26,  December  31  -  January  1,  (large  waves  were  observed  on  January  5,  11,  and 
13,  but  no  wind  data  were  obtained  for  those  days).  A  cold  front  passed  through  the 
region  on  December  15  which  then  became  stationary  through  the  17th.  The  next  cold 
front  passed  through  the  region  between  December  24  and  26.  This  was  followed  by  a 
cold  front  passage  that  occurred  between  December  30  and  31.  A  cold  front  passed  on 
January  5.  Between  January  9  and  14,  a  front,  alternately  cold,  stationary,  warm, 
cold,  slowly  passed  through  the  region.  Thus,  all  periods  of  strong  wind  and  waves 
occurred  with  the  passage  of  cold  fronts.  The  rapid  changes  in  wind  speed  and 
direction  typically  generate  internal/inertial  waves  in  the  water,  and  these 
"events"  will  be  analyzed  to  determine  their  effects  on  high  wave  number  vertical 
shear. 

1.6  FINE  SPATIAL  SCALE  FEATURES 

The  fine  scales  (1-10  m  in  the  vertical,  1-10  km  in  the  horizontal)  were 
determined  by  XBTs,  CTDs  and  XCPs  (Expendable  Current  Probes  -  also  called  Shear 
Probes).  XBT  and  CTD  data  were  collected  on  both  the  deployment  and  recovery 
cruises;  XCP  data  were  collected  only  on  the  deployment  cruise,  soon  after  deploy¬ 
ment  of  the  mooring. 

1.7  XBT  DATA 

On  the  deployment  cruise,  the  XBT's  were  dropped  in  a  very  closely  spaced 
pattern,  generally  within  the  region  bounded  by  25045 'N,  26O00'N,  89036 'W 
89055'W  (Sections  4.1  and  4.2).  The  close  spacing  of  stations  provided  a  detailed 
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look  at  the  horizontal  structure  of  the  temperature  field  that  existed  just  before 
the  mooring  deployment.  An  additional  section  was  made  on  the  return  from  the 
operations  area. 

The  XBT  spacing  on  the  recovery  cruise  was  considerably  larger  than  during  the 
deployment  phase,  sections  being  made  on  both  the  trip  to  and  the  trip  from  the 
operations  area.  Time  did  not  permit  a  detailed  pattern  as  was  run  on  the  deploy¬ 
ment  cruise.  Results  of  the  second  sampling  prior  to  mooring  recovery  indicated 
that  the  basic  upper  ocean  temperature  structure  was  similar  to  the  deployment 
phase,  but  fine  structure  variability  at  depth  was  more  apparent. 

The  XBT  data  were  taken  with  the  aid  of  a  mini-computer  (Hewlett-Packard  9825A) 
based  system.  The  system  was  originally  developed  by  NORDA  Code  350  with  the  data 
being  recorded  on  magnetic  tape.  The  system  was  considerably  modified  by  Mark 
Bergin,  NORDA  Code  331,  to  record  the  data  on  a  disk  mass  storage  device.  The 
plotting  software  was  also  developed  by  Bergin  to  produce  waterfall  plots  of  the 
temperature  as  a  function  of  depth  with  the  spacing  between  the  various  plots 
determined  by  the  great  circle  distance  between  stations.  The  waterfall  program  was 
subsequently  modified  to  plot  the  temperature,  high-passed  in  the  vertical,  to  be 
plotted  as  waterfall  diagrams.  The  two  types  of  waterfall  plots  are  shown  in 
Sections  4.1  and  4.2. 

1.8  CTD  DATA 

During  the  deployment  cruise,  most  of  the  CTD  stations  were  taken  in  the  same 
region  bounded  by  25°45'N,  26°00'N,  89°40'W  and  89°55'W.  The  majority  of 
the  stations  were  made  near  the  mooring.  On  the  recovery  cruise,  a  number  of  CTD 
stations  (1-21)  were  made  just  downstream  of  the  mooring  while  the  rest  were  made  on 
a  series  of  three  transects  northwest  of  the  mooring  position. 

CTD  No.  4017  was  employed  in  these  measurements.  Calibrations  were  performed 
prior  to  the  two  cruises.  The  average  static  errors  for  temperature,  conductivity 
and  salinity  were: 

Et  =  -0.0014OC 

Eq  =  -0.00052  mmho/cm 

Es  =  -0.00014  0/00 

Dynamic  drop  calibration  tests  were  also  performed.  The  time  constants  derived  from 
these  tests  were  approximately 

tj  =  243  ms 

tQ  =  59  ms. 

The  temperature  and  salinity  profiles  from  the  deployment  cruise  showed  a  very  sharp 
mixed  layer  down  to  about  100  m.  From  about  100  m  to  about  800-1000  m  a  strong 
thermocline  was  observed.  Just  below  the  mixed  layer,  the  salinity  was  found  to 
increase  until  a  peak  was  reached  at  about  150  m.  The  salinity  then  decreased  with 
depth  until  a  weak  minimum  was  found  near  800  m.  Below  about  1200  m,  both  the 
temperature  and  salinity  remained  approximately  constant.  These  features  are 
illustrated  in  Sections  4.3.1  and  4.4.1. 
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The  profiles  of  sigma-t.  Brunt  Vaisala  (B-V)  frequency  as  a  function  of  depth 
are  presented  in  Sections  4.3.2  and  4.4.2.  A  very  sharp  peak  in  the  buoyancy 
profile  (with  a  B-V  frequency  of  about  24  cph)  is  typical  near  100  m  during  the 
deployment.  The  profiles  below  about  100  m  are  characterized  by  a  large  number  of 
oscillations  in  the  vertical  of  the  B-V  profile,  indicative  of  a  strongly  stepped 
structure.  Between  about  200  m  and  500  m  the  average  B-V  frequency  is  about  3  cph 
with  fluctuations  from  between  2  and  5  cph.  Above  100  m,  the  water  is  approximately 
isopycnic,  with  the  B-V  frequencies  below  about  1  cph. 

The  temperature-salinity  curves  for  the  region  during  the  deployment  phase  are 
all  basically  very  similar.  T-S  plots  are  shown  in  Sections  4.3.3  and  4.4.3. 

The  CTO  data  taken  during  the  deployment  and  recovery  phases  differed  notably. 
In  the  recovery  phase,  salinity  was  not  homogeneous  down  to  100  m,  typically  several 
mixed  layers  appeared  to  be  present.  The  temperature  profiles  also  exhibited  a 
layered  structure.  The  salinity  maxima  occurred  near  170  m  and  salinity  minima  near 
800  m,  but  the  profiles  generally  had  more  finestructure  than  those  taken  in  the 
previous  phase.  Indeed,  near  800  m,  there  is  considerable  fine  scale  structure  in 
both  the  temperature  and  salinity  profiles. 

The  recovery  profiles  lack  a  single  strong  peak  in  buoyancy  frequency  that 
jccurred  earlier.  The  maximum  B-V  frequency  is  about  12  cph:  about  half  of  the 
maximum  observed  during  the  deployment  cruise. 

The  T-S  curves  also  exhibit  significant  differences  from  those  obtained  on  the 
deployment  cruise.  The  presence  of  a  "nose"  on  the  T-S  plots  and  the  curvature 
inflection  are  evidence  of  horizontal  intrusions  and  precipitous  formation  of  new 
water  types. 

1.9  XCP  DATA 

The  XCP  (Expendable  Current  Probe  or  Shear  Probe)  is  a  small  dropped  probe, 
similar  to  an  XBT  in  that  it  measures  temperature  as  a  function  of  time  and  the 
depth  is  determined  by  an  empirical  equation  relating  depth  to  time  of  fall.  It 
differs  from  the  XBT  in  that  it  also  measures  the  water  current  relative  to  the 
instrument  as  it  falls  through  the  water.  The  XCP  senses  the  electric  field 
potential  induced  by  the  motion  of  the  ocean  current  through  the  earth's  magnetic 
field. 

About  45  of  these  probes  were  dropped  during  the  deployment  cruise.  When 
possible,  the  XCPs  were  dropped  when  a  concurrent  CTO  cast  reached  350  m.  This 
permits  the  calculation  of  vertical  profiles  of  Richarson  number  in  the  vicinity  of 
the  mooring  shortly  after  its  deployment.  It  will  also  permit  the  intercomparison 
between  shear  observed  by  the  XCPs  and  the  current  meters  on  the  mooring  during  the 
one  day  period  following  implantation. 

The  uncorrected  XCP  traces  are  presented  in  Section  7.0.  It  can  be  seen  that 
between  about  100  m  and  200  m,  the  shear  in  the  V  profile  is  about  35  cm/s/100  m. 

In  addition  there  are  small  scale  variations  in  the  profile  with  vertical  length 
scales  on  the  order  of  about  10-20  m.  Similar  small  scale  variations  are  clearly 
seen  in  the  U  profile,  with  typical  scale  sizes  on  the  order  of  10-30  m. 
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1.10  CURRENTS  AND  TEMPERATURES 


The  currents  were  measured  by  21  current  meters  on  a  subsurface  mooring 
located  at  25048. 33'N,  89044.65'W.  Thirteen  NBIS  ACMs  and  eight  VACMs  were 
employed.  The  mooring  configuration  is  shown  in  Figure  14.  The  depths  shown  on  the 
mooring  schematic  diagram  are  the  nominal  depths  of  the  instruments,  assuming  no 
current.  The  actual  depths  were  considerably  different  from  the  design  depths.  The 
time  history  of  the  depths  of  the  current  meters  will  be  discussed  in  detail  in  the 
following  paragraphs. 

Due  to  the  hydrodynamic  self- interference  caused  by  the  current  meter's 
structure,  the  accuracy  of  the  meters  is  estimated  to  be  about  +^%  of  the  measured 
speed.  The  variations  in  accuracy  are  strongly  dependent  on  the  orientations  of  the 
meters  with  respect  to  the  flow. 

All  current  meters  had  thermistors  to  measure  temperature.  In  addition,  four 
temperature-pressure  recorders  were  employed  on  the  mooring  for  more  detail  in 
temperature  measurement. 

All  the  ACMs  were  set  to  a  sampling  interval  of  1  minute.  The  upper  two  VACMs 
were  set  to  a  sampling  interval  of  15/16  minute,  while  the  lower  six  VACMs  were  set 
to  sample  at  15/8  minute.  For  the  ACMs,  the  maximum  frequency  which  can  be  resolved 
is  30  cph.  This  is  about  an  order  of  magnitude  greater  than  the  expected  high 
frequency  interval  wave  band,  which  could  be  expected  near  3  cph  (based  on  the  B-V 
frequency  between  200  and  500  m). 

Sections  3.1.2  and  3.2.2  provide  a  synopsis  of  current  meter  data.  It  can  be 
seen  that  the  currents  were  about  40  cm/s  or  less  until  December  26,  rising  to  a 
maximum  value  of  nearly  70  cm/s  on  January  2.  The  currents  remained  strong  until 
January  8,  when  they  fell  below  50  cm/s.  Two  minima  were  noted,  one  on  January  9 
and  the  other  on  January  11. 

The  currents  were  typically  toward  the  WNW.  The  only  time  there  was  a 
southerly  component  occurred  between  December  26  and  28.  The  currents  were 
northerly  of  NW  only  on  December  31  -  January  1  and  January  6-7. 

The  statistics  for  the  currents  for  this  period  are  summarized  in  terms  of  two- 
dimensional  (bivariate)  histograms  of  current  speed  and  direction  in  Sections  3.1.1 
and  3.2.1.  Separate  speed  and  direction  histograms  plus  the  cumulative  frequency 
plots  of  the  current  speeds  are  also  given  in  these  sections. 

The  current  meters  also  recorded  temperatures;  typically,  two  records  of 
temperature  for  each  ACM  and  one  per  VACM  are  presented.  All  of  the  upper  meters 

registered  a  minimum  on  December  31/January  1  coinciding  with  the  period  of  maximum 

current.  The  bottom  meter  recorded  a  maximum  temperature  during  the  same  period 

indicating  advection  of  slightly  warmer  water  at  depth.  This  period  encompassed  the 

maximum  depression  of  the  mooring  registered  by  the  pressure  recorders.  Diurnal 
tidal  frequency  modulations  of  the  pressure  and  temperature  series  are  direct 
evidence  that  tidal  currents  exert  considerable  drag  on  the  mooring  causing  the 
upper  part  of  the  mooring  to  "bob"  vertically  20  m  to  40  m  during  tidal  cycles. 
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1.11  MOORING  MOTION 


The  major  technical  goals  of  this  study  require  investigation  of  the  types  of 
mooring  motions  that  occur  on  a  high  tension  subsurface  mooring,  the  effects  of  the 
mooring  motion  on  the  physical  oceanographic  data  and  the  possibility  of  removing 
the  effects  of  mooring  motion  contamination. 

A  number  of  different  sensors  were  employed  which  could  give  information  on  the 
types  of  mooring  motion.  The  gross  horizontal  motions  of  the  mooring  were 
determined  by  acoustic  ranging.  Two  recording  receivers/transmitters  (R/Ts)  were 
placed  on  the  mooring  at  the  nominal  depths  of  99  m  and  220  m.  Three  transponders 
were  located  on  the  bottom  which  gave  three  ranges  of  both  of  the  R/Ts.  This  is 
theoretically  sufficient  to  determine  the  position  of  the  R/Ts.  However,  one  of  the 
transponders  failed  early  in  the  deployment  and  only  two  were  available  for  the 
entire  period.  Nevertheless,  even  if  only  two  ranges  are  known  and  the  depths  of 
the  R/Ts  are  known  functions  of  time,  it  is  ;iossible  to  determine  the  horizontal 
positions  of  the  R/TS.  In  the  preliminary  work  presented  here  (and  computed  by  R. 
Spindel  (WHOI)),  the  depths  were  assumed  to  be  100  and  200  m  for  the  entire  period. 
This  introduces  an  error  which  can  later  be  corrected  by  using  the  actual  depths. 

In  addition  to  the  direct  ranging  acoustic  positioning  devices,  two  sets  of 
Doppler  position  locators  were  installed  on  the  mooring  near  the  R/Ts.  Due, 
apparently  to  unanticipated  reflections  with  the  water  surface,  the  Doppler  devices 
did  not  return  useful  data  in  the  low  frequency  range.  Extraction  of  useful  data 
from  the  Doppler  data  is  still  questionable  at  the  time  of  this  report. 

To  determine  the  orientation,  acceleration  and  tension  on  the  mooring  line, 
three  Force  Vector  Recorders  (FVRs)  were  placed  in  the  mooring.  Of  these,  only  one 
operated  for  the  entire  period.  One  failed  entirely  and  the  third,  while  remaining 
in  partial  operation  for  the  beginning  period  of  the  deployment,  did  not  appear  to 
return  any  useful  data. 

In  order  to  determine  the  depth  of  the  mooring  as  a  function  of  time,  four 
temperature-pressure  recorders  (TPs)  were  installed  in  the  mooring.  These  all 
worked  properly  for  the  entire  mooring  period,  but  some  data  were  lost  when  the 
instrument  depth  exceeded  the  pressure/temperature  limits.  However,  it  is  probable 
that  the  total  depth  record  can  be  reconstructed  with  the  use  of  the  known  tempera¬ 
ture/depth  relation  from  the  CTD  profiles  and  the  temperature  curves  obtained  from 
the  current  meters. 

Finally,  both  types  of  current  meters  provided  some  information  of  the 
torsional  characteristics  of  the  mooring  line.  The  case  orientation  of  the  ACMs 
were  recorded  every  8  minutes.  The  case  orientations  and  vane  orientations  on  the 
VACMs  were  recorded  instantaneously  every  sampling  period.  While  these  were  not  as 
fast  as  the  sampling  rate  of  the  FVR,  they  did  provide  ancilliary  torsional 
i nformation. 

1.12  ACOUSTIC  TRACKING  RESULTS 

Relative  north-south  and  east-west  displacements  of  the  lower  R/T  are  shown  in 
Section  5.0.  The  maximum  southward  displacement  occurred  on  December  27-28  and  the 
maximum  westward  displacement  occurred  during  the  same  period.  The  reader  should 
note  that  this  is  consistent  with  the  current  meter  records,  and  it  can  be  seen  that 
the  currents  were  between  about  50  and  60  cm/s  and  that  the  current  had  a  southward 
component  during  that  period.  The  maximum  northward  displacement  occurred  between 
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December  30  and  January  1.  This  coincided  with  the  period  of  stongest  current  and 
the  most  northward  direction  of  the  current  as  well  as  the  deepest  excursion  of  the 
mooring.  East-west  displacements  of  the  mooring  were  small. 

1.13  TEMPERATURE-PRESSURE  RECORDER  DATA 

Four  temperature-pressure  recorders  were  used;  the  pressure  and  temperature 
record  for  the  uppermost  T-P  recorder  over  the  period  of  the  experiment  was  strongly 
affected  by  the  depression  of  the  mooring.  The  pressure  recorded  went  off  scale 
between  December  29  and  January  2.  The  deepest  penetration  of  the  T-P  recorder 
occurred  during  this  period.  The  pressure  data  and  the  concurrent  temperature  data 
show  a  striking  in-phase  correlation.  Due  to  this  strong  correlation,  it  is 
possible  to  relate  the  approximate  depth  to  the  observed  temperature  and  thus,  the 
depths  during  the  missing  period  can  be  inferred  from  the  temperatures  measured  on 
the  current  meters. 

1.14  FORCE  VECTOR  RECORDER  (FVR)  DATA 

Only  the  uppermost  FVR  worked  and  returned  data  from  the  entire  period  of  the 
experiment.  The  data  returned  consisted  of  three  orthogonal  components  of  acceler¬ 
ation  and  two  orthogonal  (nominally  horizontal)  components  of  magnetic  field. 

Until  December  27,  the  records  of  all  measured  components  remained  quite 
smooth.  Abruptly,  the  signals  became  very  noisy,  with  the  exception  of  the  vertical 
component  of  acceleration.  In  particular,  the  X-acceleration  channel  had  two  times 
the  signal  level  of  the  Y-acceleration  channel,  and  the  Y-magnetic  channel  had  twice 
the  level  of  the  X-magnetic  channel.  It  is  possible  that  the  data  after  December  27 
were  highly  aliased  due  to  very  rapid  transverse  vibrations  and  torsional  rotations, 
however,  this  hypothesis  does  not  appear  to  be  consistent  with  the  data.  The 
transition  from  the  period  of  smooth  data  to  the  period  of  very  noisy  data  occurs 
without  a  harbinger,  so  it  is  difficult  to  connect  it  with  evolving  processes. 

The  magnetic  data  for  the  FVRs  have  been  converted  into  angular  displacements 
with  respect  to  magnetic  north.  During  the  period  of  noisy  data,  the  orientation  of 
the  FVR  varied  by  about  120°,  with  each  sample  appearing  independent  of  the 
previous  sample  (the  sampling  interval  was  about  3  sec).  Such  series  are  indicative 
of  heavily  aliased  sampling,  instrument  noise  or  an  extremely  rapid  vacillation  of 
the  mooring  element  orientation. 

1.15  CURRENT  METER  ORIENTATION  DATA 

The  case  orientations  of  the  uppermost  VACM  were  examined  during  the  same 
period  as  the  noisy  FVR  data  were  first  observed.  The  case  orientations  for  one 
hour  were  sampled  once  every  15/16  minute  and  showed  a  range  of  about  20°-30O 
during  this  period.  A  similar  examination  was  made  of  the  case  orientation  of  one 
of  the  ACMs  (the  uppermost  one,  number  058)  for  this  same  period.  The  case  orienta¬ 
tions  were  sampled  as  instantaneous  values  once  every  8  minutes.  The  range  of  case 
orientations  varied  by  about  10°  over  a  one  hour  period  which  overlapped  the  FVR 
noisy  data. 

These  observations  are  inconsistent  with  the  notion  that  the  FVR  was  sampling  , 
very  rapid  torsional  rotation  of  the  mooring  line.  If  the  VACM  were  to  experience 
such  rapid  rotations,  one  would  expect  that  the  observed  samples  could  be  statis¬ 
tically  independent  and  fall  in  the  same  region  as  the  FVR  data.  The  same  argument 
applies  to  the  ACM  orientations  data. 
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One  possible  explanation  for  this  apparent  discrepancy  could  be  that  between 
all  instruments,  swivels  were  mounted  to  reduce  torsional  coupling.  On  the  other 
hand,  the  swivels  were  under  a  great  amount  of  tension  and  such  large  rotations 
would  be  expected  to  produce  step-like  jumps  in  the  data  from  lower  instruments. 

This  would  give  a  picture  wherein  the  points  would  appear  independent.  This  does 
not  appear  to  be  the  case  with  the  VACM  directly  below  the  FVR,  leaving  the 
inconsistency  unresolved,  unless  the  FVR  experienced  an  electronic  failure.  The 
lack  of  clear  cross-modulation  between  the  x-y  axes  on  both  the  acceleration  and 
magnetic  channels  lends  support  to  this  latter  hypothesis. 

1.16  SUMMARY 

The  current  meters  and  pressure/temperature  recorders  provided  a  comprehensive 
oceanographic  data  set  for  the  most  densely  instrumented  deep  ocean  mooring  yet 
attempted.  The  initial  analyses  of  the  time  series  show  relatively  little  white 
noise  in  the  high  frequency  end  of  the  spectrum,  but  this  does  not  mean  that  mooring 
motions  do  not  affect  the  high  frequency  spectra.  The  extensive  CTD,  XBT,  XCP  data 
and  surface  meteorology  provide  a  firm  foundation  for  integrating  mooring  instrument 
records  with  shipboard  data  to  ascertain  dynamic  stability,  shear  and  effects  of 
meteorology.  A  precise  assessment  of  mooring  motion  effects  would  have  been 
considerably  aided  by  better  records  of  performance  by  the  Doppler  Acoustic  System 
and  the  force  vector  recorders,  but  an  effective  analysis  still  can  be  made  with  the 
available  data.  At  the  time  of  submission  of  this  data  report,  we  conclude  that 
high  frequency  high  wave  number  measurements  of  the  internal  gravity  wave  band  are 
probably  “contaminated"  by  mooring  motions  in  the  upper  ocean;  the  extent  of 
contamination  is  under  continuing  analysis. 
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2.0  NAVIGATION/STATION  LOCATIONS  (Figures  2-13) 
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3.0  CURRENT  METER  DATA  (Figure  14) 


FINAL  CONFIGURATION  FOR  ATOM  79 

(Acoustically  Tracked  Oceanographic  Mooring) 


3.1  Vector  Averaging  Current  Meters 

3.1.1  Current  Histograms  and  Statistics  (Figures  15-29) 

3.1.2  Current  Time  Series  (Figures  30-63) 

3.1.3  Temperature  Time  Series  (Figures  64-70) 

3.1.4  Current  Spectra  (Figures  71-91) 

3.1.5  Temperature  Spectra  (Figures  92-98) 
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3.2  Acoustic  Current  Meters 

3.2.1  Current  Histograms  and  Statistics  (Figures  99-124) 

3.2.2  Current  Time  Series  (Figures  125-189) 

3.2.3  Temperature  Time  Series  (Figures  190-201) 

3.2.4  Current  Spectra  (Figures  202-240) 

3.2.5  Temperature  Spectra  (Figures  241-252) 
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266 


100 


Figure  253 


500 


Figure  254. 


00  r 


XBT  SEPARATION  Cnautical  miles) 


2 


XBT  SEPARAT I  ON  Cnaut  i ca 1  mil es) 


272 


( 


4,2  XBT  Data  -  Recovery  Cruise 

4.2.1  Waterfall  Plots  -  Temperature  vs.  Depth  (Figures  261-268) 

4.2.2  Waterfall  Plots  -  High  Passed  Temperature  vs.  Depth  (Figures  269-276) 
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4.3  CTD  Data  -  Deployment  Cruise 

4.3.1  Temperature  and  Salinity  vs.  Depth  (Figures  277-307) 

4.3.2  Brunt-Vaisala  Frequency  and  Sigma-t  vs.  Depth  (Figures  308-338) 

4.3.3  Temperature  vs.  Salinity  (Figures  339-369) 
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4.4  CTD  Data  -  Recovery  Cruise 

4.4.1  Temperature  and  Salinity  vs.  Depth  (Figures  370-409) 

4.4.2  Brunt-Vaisaia  Frequency  and  Sigma-t  vs.  Depth  (Figures  410-449) 

4.4.3  Temperature  vs.  Salinity  (Figures  450-490) 
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Plots  of  Temperature  (Air  and  Sea),  Barometric  Pressure,  Wind  Speed, 
Wind  Direction,  Wave  Height  and  Direction  at  the  NOAA  Data  Buoys 
(Figures  491-500) 
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5.2  Neteorologtcal  Charts  for  the  Period  of  the  Study  (Figures  501-550) 
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7.0  Expendable  Current  Probe  (XCP)  Data  (Figs.  554-598) 
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